Volitional muscle contractions are used frequently in some combination with muscle stretching to promote muscle relaxation and to increase range of motion. In this study, muscle lengthening procedures were evaluated in the ankle plantar flexors. Four soleus muscle stretching procedures-static stretch (SS), hold relax (HR) (isometric plantar flexor contraction before stretch), agonist contract (AC) (dorsiflexor contraction assisting stretch), and hold relax-agonist contraction (HR-AC)-were performed in the sagittal plane by 12 physically active adults. The dorsiflexion angle, soleus muscle electromyogram, and soleus muscle motoneu ron excitability as determined by the Hoffmann-reflex (H-reflex) amplitude were measured throughout the duration of each stretch. The range of dorsiflexion achieved at the end of the stretch did not differ significantly between stretching procedures, although in 8 of the 12 subjects and in the subject group as a whole, the AC and HR-AC procedures were associated with higher levels of soleus muscle EMG than the levels in the SS and HR procedures (p < .01). The H-reflex amplitudes during the AC and HR-AC procedures were smaller than the ampli tudes during the SS and HR procedures (p < .001), suggesting the possibility of reciprocal inhibition during the agonist contraction. Increased tonic EMG levels produced by input from other neural pathways affecting alpha motoneurons in the AC and HR-AC procedures may have masked this inhibitory reflex. In healthy adults, a complicated procedure, involving muscle contractions for decreasing active resistance to stretch, may be unnecessary because 1) active resistance to stretch is minimal and 2) muscle relaxation during stretch appears to have little or no direct effect on the ROM achieved. Key Words: Electromyography, Movement, Muscles, Physical therapy.
Stretching procedures involve the ap plication of a force to a limb in an effort to overcome the resistance to movement about a joint and to increase the avail able range of motion. The ROM achieved may be enhanced by increasing the stretching force applied or by de creasing the resistance to stretch. The biophysical properties responsible for re sistance to stretch include both passive resistive and active contractile compo nents. The passive resistive components are inherent in the viscoelastic proper ties of muscle, joint, subcutaneous, and cutaneous structures. The active con tractile components are produced by ac tive muscle contractions of volitional and reflexive origin. Improvements in ROM produced by a specific muscle stretching technique often are attributed to a decrease in active resistance pro duced by reflexly or volitionally induced inhibition or both to motoneurons of the muscles stretched.
1-10 Increased muscle compliance, therefore, is as sumed to result when electromyo graphic activity is decreased, allowing greater passive elongation of muscle fi bers. Changes in muscle activation, however, usually are inferred from changes in joint position, and surpris ingly few investigations actually have measured EMG activity in the muscle involved. 7 Proprioceptive neuromuscular facili tation stretching techniques use voli tional contractions in an attempt to achieve increased ROM by minimizing the active component of resistance at tributed to spinal reflex pathways. The stretches traditionally are performed in diagonal body planes. A basic PNF stretching maneuver is hold relax (HR), in which a maximal isometric contrac tion of the muscle to be stretched is followed by relaxation and stretching of the muscle to the point of limitation of motion. The rationale for HR is that successive maximal excitations of motoneurons reflexly promote their subsequent inhibition. 5 Some authors recommend that the contraction and relaxation of the muscle to be stretched (antagonist) be followed by a concentric contraction of the muscle opposing the muscle to be stretched (agonist) to in hibit further the antagonist through al pha-gamma coactivation and reciprocal innervation. 5, 6, 10 The combination of these techniques commonly is termed hold relax-agonist contraction (HR-AC). The antagonist contraction is thought to facilitate the subsequent agonist con traction and its reciprocal inhibition of the antagonist through successive inductions 5,6,10 (ie, successive antagonist RESEARCH contractions are thought to facilitate an eventual agonist contraction 11 ). Moore and Hutton 7 questioned the premise that an isometric antagonist contraction preceding muscle stretch produces a more relaxed muscle as a result of presumed "successive induc tion" or "autogenetic inhibition." 1, 5, 6, 10 They hypothesized instead that the iso metric antagonist contraction would promote continued antagonist muscle activity through the mechanism of postcontraction sensory discharge (ie, the potentiation of muscle afferent dis charge after an isometric contraction 12 ). They found that static contraction and relaxation of the hamstring muscles fol lowed by voluntary activation of the hip flexors produced significantly greater EMG activity in hamstring musculature than did the static stretch (SS) procedure (passive) alone. They found no signifi cant difference in acute ROM between the two stretching procedures, suggest ing that the level of muscle activation and ROM achieved may be unrelated. They did not investigate a procedure involving active contraction to assist muscle stretching without a preliminary isometric contraction. The mechanism of the greater hamstring muscle EMG activity during muscle stretching, there fore, could have been related to the pre liminary isometric contraction of the hamstring muscles, the assisting con traction of the hip flexors, or both. Sev eral authors theorize that an assisting contraction might promote relaxation of the muscles stretched through alphagamma linkage in reciprocal inhibi tion. [13] [14] [15] [16] [17] [18] In this investigation, we expanded on the observations of Moore and Hutton.
7
A stretching procedure involving an iso metric antagonist contraction followed by relaxation and an agonist contraction assisting SS can be divided into com ponents, each of which may affect the results by different mechanisms and may add to or detract from any benefi cial effects of the procedure as a whole. Our purpose, therefore, was to compare the effects of such a procedure and each of its component parts on alpha moto neuron excitability and active resistance of the muscle stretched, on the ROM achieved, and on the subject's percep tion of the stretch. We hypothesized that 1) an antagonist contraction performed before an SS would result in increased antagonist alpha motoneuron excitabil ity, more antagonist muscle activity, and less ROM than performance of an SS alone; 2) an agonist contraction as sisting SS would result in decreased an tagonist alpha motoneuron excitability, less antagonist muscle activity, and more ROM than an SS alone; and 3) an antagonist contraction followed by a SS assisted by an agonist contraction would result in increased antagonist alpha mo toneuron excitability, more antagonist muscle activity, and less ROM than an SS assisted by an agonist contraction alone. In testing these hypotheses, we also assessed the relationship between active muscle resistance and improved ROM. 
METHOD

Apparatus and Subject Positioning
Subjects were seated in a straight-back chair mounted on an elevated platform. Attached to the platform were a foot plate and torque device for producing dorsiflexion of the right ankle (Fig. 1) . The height and depth of the footplate were adjusted to align the subject's me dial malleolus with the axis of rotation of the torque device. Through seat angle adjustments, the right knee was set in 60 degrees of flexion from full extension to relieve stretch on the gastrocnemius and plantaris muscles. Volume 67 / Number 1, January 1987 be 35.5 N-m during the stretching pro cedures. For four subjects (before a mi nor modification was made in the device to make the applied torques constant), the small applied torque was 7.5 N • m, and the large applied torque varied be tween 31 and 33 N • m.
Range-of-Motion Data
Ankle angle was measured by an electrogoniometer containing a linear po tentiometer (±1% accuracy). The electrogoniometer axis was aligned with the medial malleolus with one arm taped in alignment with the head of the first metatarsal, and the other arm taped in alignment with the medial tibia (Fig. 1) . Output from the electrogoniometer was monitored on a storage oscilloscope and stored on FM tape.
Electromyographic Data
Electromyographic activity in the soleus and tibialis anterior (TA) muscles was recorded using 1-cm-diameter, bi polar, silver-silver chloride surface elec trodes (Fig. 1) . The skin at the electrode sites was shaved when necessary, rubbed with fine-grained sandpaper until pink, and cleansed with alcohol. The electrode cups were filled with electrolytic paste, and the electrodes were secured to the skin with adhesive disks and surgical tape. Electrodes for the soleus muscle were spaced 1.5 cm apart along the mid line of the calf, 4 cm below the attach ment of the gastrocnemius muscle heads to the Achilles tendon. 19, 20 The TA mus cle electrodes were 1.5 cm apart at a point 5 cm distal and 2 cm lateral to the tibial tuberosity. The lateral tibial con dyle was the site of the ground electrode. Input skin resistances were judged ac ceptable if less than 5 kΩ. Electromyo graphic activity was amplified differen tially (half-amplitude at 1 Hz-3 kHz). For low-level measurements, EMG ac tivity was amplified further (1 µV = 10 mV). All EMG activity was monitored on storage oscilloscopes and stored on FM tape (0-2.5 kHz ± 1 dB).
Methods of eliciting and measuring the Hoffmann reflex (H-reflex) have been reported previously. 19, 20 The H-re flex is an electrically elicited mono synaptic and oligosynaptic reflex (la afferents to alpha motoneurons) that provides a measure of the excitability of the alpha motoneuron pool. The stim ulating electrode sites were prepared in the manner described for the recording electrodes. A silver-silver chloride plate anode electrode was taped in place just proximal to the patella. A cathode disk electrode was located in the popliteal fossa with an adjustable elastic band and Velcro strap. A constant voltage stimu lator delivered rectangular pulses (1-msec duration) through an isolation unit. The largest diameter axons, the la afferents, have the lowest resistance to external electrical stimulation and reach threshold first, resulting in the propaga tion of action potentials and facilitory input to triceps surae muscle alpha mo toneurons. If the facilitative input is suf ficient to cause the motoneurons to fire, the result will be an H-reflex, which is recorded by electrodes over the soleus muscle. If the intensity of the electrical stimulation also is sufficient to cause the propagation of action potentials in motoneuronal axons, an M-response (wave) will occur before the H-reflex. A 1.1 × H-reflex threshold voltage was calculated for use as the experimental stimulus intensity. This intensity has been shown to be optimal in demon strating both facilitation and inhibition of motoneuron excitability 21 and was sufficient to produce consistently small M-responses. The H-reflexes were iden tified on the basis of latency (≈ 30 msec) and their characteristic triphasic wave form. 20 Control and experimental H-reflexes were elicited every 10 sec onds, avoiding depression of the H-re flex amplitude that occurs at shorter interstimulus intervals (ISIs).
22 Stimulus artifacts were recorded on FM tape and used in triggering and timing the sam ples of H-reflex and EMG data.
Stretching Procedures
The four stretching procedures were 1) SS, 2) AC, 3) HR, and 4) HR-AC. All stretching procedures were performed in the sagittal plane and began with the application of a low-level dorsiflexion torque to achieve position of the ankle closer to its extreme of dorsiflexion to minimize the known effects of muscle length on reflex EMG amplitudes.
20,23
The large dorsiflexion torque then was applied to stretch the soleus muscle.
For the SS procedure, the subject was instructed to relax while the ankle was subjected to the light dorsiflexion torque for 11 seconds, followed by the appli cation of the large dorsiflexion torque for 50 seconds. The AC procedure was the same as the SS procedure with the addition of a low-level voluntary con traction of the dorsiflexors during the entire application of the large dorsiflex ion torque. For the HR procedure, the light dorsiflexion torque was applied for 5 seconds, followed by a 5-second iso metric plantar flexor MVC, 1 second of relaxation, and a 50-second application of the large dorsiflexion torque. The HR-AC procedure was the same as the HR procedure with a low-level volun tary contraction of the dorsiflexors added throughout the application of the large dorsiflexion torque. We used a submaximal, low-level voluntary contrac tion (assisting active stretch) because cocontraction of antagonistic muscle pairs regularly occurs as subjects perform contractions approximating 100% of a static MVC.
24-26
Testing Procedure All subjects participated in each of the four stretching procedures. The order of the presentation of the stretching pro cedures was determined using a Latin square design. 27 Each of the four stretch ing procedures was tested as follows: 1) 10 control H-reflexes were elicited with the small dorsiflexon torque; 2) 3 stretching trials were performed with two-minute rest intervals between each trial; during each trial, 5 H-reflexes were elicited during the aplication of the large dorsiflexion torque; and 3) 10 control H-reflexes were elicited with the small dorsiflexion torque in place. Rest inter vals between procedures were five min utes in length. After the completion of all four stretching procedures, all sub jects completed a written questionnaire in which they ranked each of the stretch ing procedures according to associated discomfort and perceived effectiveness in increasing the ROM.
Electromyographic Data Reduction
To analyze the levels of EMG activity during stretching, TA and soleus muscle EMG data were transmitted from FM tape through a full-wave rectifier and a low-pass filter (25-msec time constant, cutoff frequency 6 Hz) 28 and then ana log/digital converted (sampling rate 50 Hz) for input into a PDP 11-34 com puter. Baseline EMG levels with the an kle resting at 90 degrees were sampled for a 1-second period at the beginning of each trial. The first four H-reflex stim ulus artifacts of each trial (ISI = 10 sec) served as a signal for the computer to begin sampling EMG activity during muscle stretching. No EMG activity was sampled 1 second before or 1 second after the stimulus artifact. Digitized and smoothed EMG activity then was sam pled for an 8-second period. Thus, four RESEARCH 8-second periods of both soleus and TA muscle EMG activity were sampled for each trial. A second computer program was used to integrate the sampled recti fied and filtered EMG data over 1-sec ond time segments. The integrated value of the baseline EMG sample was sub tracted from the integrated values of the EMG activity sampled during the stretch. Only the last seven 1-second time segments of each period were in cluded; the first was omitted because it was frequently an extreme value.
For H-reflexes, the stimulus artifact served as a signal for the computer to sample (at 2 kHz) the raw soleus muscle EMG activity for 100 msec. The mini mum and maximum amplitudes of each M-response and H-reflex were measured with the use of a computer program.
Data Analysis
The ROMs achieved during the four stretching procedures were compared using an analysis of variance (ANOVA). Stretching conditions (4 levels) and trials (3 levels) were within factors. Sex (2 levels) was a between factor. Effects of the order of performance of the stretch ing conditions were compared using the ANOVA with order (4 levels) and trials (3 levels) as within factors and sex (2 levels) as a between factor.
Parametric comparisons of quantified EMG activity are not valid across sub jects because of individual differences in skin resistance, input impedance, amount of subcutaneous tissue, and muscle anatomy. Intrasubject para metric comparisons of integrated soleus muscle EMG data, therefore, were per formed to obtain information on indi vidual responses to the stretches. A sep arate ANOVA was performed on the integrated soleus muscle EMG data of each subject. Stretching conditions (4 levels), trials (3 levels), and periods (the time intervals between H-reflexes, 4 lev els) were treated as between factors. Be cause the levels of the random factor in an ANOVA are assumed to be inde pendent observations, 29 the one-second time segment values were tested for in dependence and determined to be the appropriate random variable.
For subjects showing a significant stretch condition main effect, Scheffé post hoc tests (paired condition compar isons) were used to determine the two conditions with the highest mean soleus muscle EMG level of activity and the two conditions with the lowest mean soleus muscle EMG level of activity. Tukey's pair wise post hoc tests then were used to determine the significance of the differences between the two con ditions with the highest level and the two conditions with the lowest level of soleus muscle EMG activity.
Electromyographic activity legiti mately may be compared across subjects on an ordinal scale. A Friedman twoway ANOVA by ranks was performed on the mean integrated soleus muscle EMG values for each stretching condi tion to test the effects of the stretches on the subject group as a whole and to allow further generalization of the results. 27 Reflex amplitude data were normal ized by dividing individual M-responses and H-reflexes during stretch by the mean precondition control amplitude (the second set of control H-reflexes after the stretch yielded similar results and, therefore, are not reported). Nor malized H-reflex amplitude scores were between 0 and 2.0 except in Subject 5, who had 42 of 60 scores between 2.0 and 27.0. Because a lack of homogeneity of variance was attributed entirely to this subject, these data were omitted from further statistical analysis. Anal yses of variance were performed on M-response and H-reflex normalized amplitudes. The response number (5 levels), trials (3 levels), and stretching conditions (4 levels) were treated as within factors.
Lastly, a Friedman two-way ANOVA was performed on the subject rankings of perceived discomfort associated with each stretching procedure and on their ranking of perceived effectiveness of each stretching procedure. In all statis tical analyses, a probability level of p < .05 was required for significance.
RESULTS
Range of Motion
The results of the ANOVAs showed that stretching procedures and their or der of presentation had no significant effect on the degree of dorsiflexion achieved (range, 76-54 degrees). We found a significant trials-by-sex interac tion (F = 8.75; df = 2,20; p < .005) because the women tended to achieve less ROM with successive trials than the men. Examination of electrogoniometer traces showed that the maximum amount of dorsiflexion was achieved within about 10 seconds of the applica tion of the stretching weight.
Electromyography
As instructed, the subjects generally obtained a resting level of TA muscle EMG activity during the SS and HR procedures and a low-level TA muscle contraction during the AC and HR-AC procedures (Fig. 2) . Fluctuations in the intensity of the low-level voluntary con tractions, however, were evidenced by relatively large standard deviations of the integrated TA muscle EMG data. Nine of the 11 subjects had higher mean TA muscle EMG values in the HR-AC procedure than in the AC procedure (Fig. 2) .
All subjects showed significant differ ences (p < .001) in the mean integrated soleus muscle EMG activity across the stretch conditions (Tab. 1). Relative magnitudes of mean soleus muscle EMG activity for each subject and across stretch conditions are summa rized in Figure 3 . The results of the post hoc analyses are summarized in Table  1 . All Scheffé post hoc tests were signif icant (p < .001), and the SS and HR procedures were associated with signifi cantly lower levels of soleus muscle EMG activity than the AC and HR-AC procedures in 8 of the 12 subjects. Using Tukey's tests for pair wise comparisons, we found that, in 6 of these 8 subjects, soleus muscle EMG activity was higher in the HR-AC procedure than in the AC procedure (p < .05), whereas in 7 of the 8 subjects no significant differences ex isted between the SS and HR stretch procedures. Four of the 12 subjects (Subjects 1, 3, 5, 6 ) demonstrated unique patterns of soleus muscle EMG values for the different stretching pro cedures. The TA muscle EMG values for Subjects 5 and 6 indicated that they performed the stretch procedures incor rectly.
A significant difference in the relative magnitudes of integrated soleus muscle EMG activity between stretching con ditions across subjects was revealed by the performance of a Friedman two-way ANOVA by ranks (p < .01). These re sults confirmed those of the individual ANOVAs performed on the integrated soleus muscle EMG data. The subjects as a group had lower levels of soleus muscle EMG activity during the SS and HR procedures than during the AC and HR-AC procedures.
The effects of the trials on the inte grated soleus muscle EMG values were significant in 10 of the 12 subjects for individual ANOVAs (p < .01). We found four different patterns in the rel ative magnitudes of EMG activity. A Volume 67 / Number 1, January 1987 
Post Hoc Test Results
d (HR-AC > AC) > (HR > SS) (HR-AC ≈ AC) > (HR ≈ SS) (HR-AC > AC) > (HR ≈ SS) (HR-AC > AC) > (HR ≈ SS) (HR-AC > AC) > (HR ≈ SS) (HR-AC > AC) > (HR ≈ SS) (HR-AC > AC) > (HR ≈ SS) (AC > HR-AC) > (HR ≈ SS) (AC > SS) > (HR ≈ HR-AC) (HR-AC ≈ HR) > (SS > AC) (SS > HR) > (HR-AC ≈ AC) (HR > SS) > HR-AC
Friedman two-way ANOVA, performed on the ranking of soleus muscle EMG values by trials across subjects, also showed a significant trials effect (p < .05). The cumulative rankings for trials 1, 2, and 3 were 18, 30, and 24, respec tively. The subjects as a group demon strated the highest integrated soleus muscle EMG values during the second trial.
A significant period effect (time be tween successive H-reflexes) was found for soleus muscle EMG activity in 10 of the 12 subjects in the individual ANOVAs (p < .05). No consistent patterns of magnitude emerged. A Friedman two-way ANOVA performed on the rankings of soleus muscle EMG activity by periods across subjects showed no significant effect on the magnitudes of soleus muscle EMG activity. Significant interactions also were observed in the individual ANOVAs performed on in tegrated soleus muscle EMG data. Be cause patterns of EMG activity were inconsistent across subjects, these inter actions are excluded from further dis cussion.
H-Reflex Amplitudes
Mean normalized H-reflex ampli tudes are shown in Figure 4 . We found a significant effect of stretch conditions on the normalized H-reflex amplitudes (Tab. 2). Scheffé post hoc tests revealed the H-reflex amplitudes to be signifi cantly larger during the SS and HR stretching procedures than during the AC and HR-AC procedures (p < .001). No significant differences were found between these respective pairs using Tukey's post hoc tests. We found significant differences among the five H-reflex am plitudes (F = 11.38; df = 4,40; p < .001). The results of the Scheffé post hoc tests showed that the H-reflex amplitude in creased progressively after the onset of the stretch (p < .001). A tendency for M-response amplitudes to increase pro gressively during muscle stretching was nonsignificant.
Normalized M-response amplitudes varied across stretching conditions, but not significantly (Tab. 2). Because stable M-responses are considered indicative of stable electrode positioning relative to the posterior tibial nerve, this proce dural difficulty is discussed further in the Discussion section.
Questionnaire
The subjects ranked the SS and HR stretching procedures as causing the least amount of discomfort and the AC and HR-AC procedures as causing the most (p < .05). High effectiveness was associated subjectively with the AC and HR-AC procedures, and low effective ness was associated with the SS and HR procedures (p < .01).
DISCUSSION
In this study, we examined soleus muscle EMG activity and dorsiflexion ROM during four stretching procedures.
As found in a previous investigation on
a Negative values indicate electromyographic activity below baseline. For Subject 3, df = 2,216; for all others, df = 3,288.
b SS = static stretch; HR = hold relax; AC = agonist contraction; HR-AC = hold relaxagonist contraction.
c All F ratios were significant at p < .001. d Scheffé tests for paired condition comparisons were significant (p < .001). Tukey tests for pair-wise comparisons denoted by ">" were significant (p < .05). Fig. 2) . Negative values indicate EMG activity below baseline. Data unavailable for Subject 3 for the AC procedure.
Mean Normalized H-Reflex Amplitudes hamstring musculature, 7 the PNF procedure of HR-AC was ineffective in minimizing EMG activity through putative "successive induction" or "autogenetic inhibition." 1,5,6,10 Unlike the findings in the previous study by Moore and Hutton, 7 our results revealed no significant differences across stretch conditions for ROM achieved, and the HR technique was associated with soleus muscle EMG activity similar in magnitude to that produced during the SS procedure. Combined, the SS and HR procedures evidenced significantly less soleus muscle EMG activity than the AC and HR-AC procedures. Cocontractions of the soleus muscle, therefore, predominated during the stretch procedures involving intended voluntary and isolated activation of dorsiflexors. The H-reflex testing provided a means to test soleus muscle motoneuron excitability during the application of the stretch procedures. A significantly smaller H-reflex during the AC and HR-AC procedures than during the SS and HR procedures may reflect lower excitability from the subliminal fringe 11 because of alpha-gamma linkage in reciprocal inhibition from voluntarily active dorsiflexors. [13] [14] [15] [16] [17] [18] Active reciprocal inhibition to soleus muscle motoneurons, therefore, may have occurred but was masked by excitatory input from other pathways. These possible explanations are tempered, however, by a tendency toward larger M-responses during the AC and HR-AC procedures than in the SS and HR procedures (Tab. 2), thereby suggesting the alternative explanation that differences in H-reflex responses may have been caused by antidromic collision. 20 Similar problems with variations in M-response amplitudes were encountered in the Space Lab 1 experiment. 30 These investigators dismissed the problem by arguing that the variations were not statistically significant; that is, the variations were nonsystematic. Likewise, in our study, the normalized M-responses were not significantly different across stretch conditions. We, nevertheless, advise caution in interpreting our H-reflex data.
Even though the AC and HR-AC procedures did not produce increased ROM, they were associated with more discomfort than the HR and SS procedures. Possibly, the greater cocontractions in the AC and HR-AC procedures were responses to pain or a protective response to guard against excessive stretch. The subjects in the Moore and Hutton study 7 also associated an HR-AC stretch with the most discomfort.
The HR and SS procedures were similar in all variables measured. If the hypothesized potentiating effects of an isometric MVC 4,11,12,19 were of short duration, the resultant effects on the EMG activity of the soleus muscle would have been masked by integrating the EMG activity in 1-second time segments. If the effects were of such short duration, however, we would not expect them to have functional significance in a 40-second stretch. Also, if changes in the dynamic sensitivity of the stretch reflex had occurred, they would not have been detected by H-reflex testing, which bypasses direct activation of the receptor. Another experimental approach is necessary to test the potentiating effects of a previous contraction. 19 
CONCLUSIONS
The type of stretching procedure performed was found to have no significant differential effect on the ROM achieved, although in 8 of the 12 subjects and in the subject group as a whole, the SS and HR procedures were associated with lower levels of antagonist EMG activity than the levels found in AC and HR-AC procedures. Thus, muscle relaxation was unrelated to the degree of ROM achieved. The HR stretch was similar to the SS stretch in EMG activity levels and H-reflex amplitudes in addition to ROM achieved. The assumed postactivation potentiation in association with the HR procedure was not manifested, although stretch reflexes were not tested systematically. The H-reflex amplitudes during the SS and HR procedures were larger than during the AC and HR-AC procedures, suggesting that reciprocal inhibition may have been present during the agonist contraction. High tonic EMG activity levels in the AC and HR-AC conditions showed that, if reciprocal inhibition had been operational, the effects were masked by other neuronal input. Two factors must be considered when generalizing our results to clinical settings: 1) Our subjects were healthy young adults, and 2) EMG and ROM measurements were limited to the dua SS = static stretch; HR = hold relax; AC = agonist contract; HR-AC = hold relax-agonist contraction.
b Experimental amplitude divided by precondition control amplitude. c df = 3,30; p< .001. d Scheffé test for paired comparisons, p < .001.
ration of the stretch. Our findings suggest that the procedure of choice for increasing ROM is the passive SS procedure. The SS procedure produced a level of ROM comparable to that achieved with the more complicated procedures, and it elicited little or no active resistance. This finding is in agreement with the findings of Moore and Hutton. 7 An antagonist contraction before muscle stretching did not decrease myoelectric activity to stretch, and an agonist contraction assisting the stretch significantly increased EMG activity. Furthermore, healthy adults may not require a complicated procedure to decrease active resistance to stretch because 1) active resistance to SS is minimal, and 2) muscle relaxation during stretch appears to have little or no direct effect on ROM achieved, although muscles that are elongated when undergoing tonic EMG activity may be predisposed to stretch-induced injury.
